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Background 

‘Low-value care’ describes medical interventions without additional benefit when compared to a 

less costly alternative.1, 2 Decreasing ‘low-value care’ has been identified as a priority to reduce 

wait times, patient exposure to harm and anxiety, and unnecessary costs.1, 2 Diagnostic imaging 

(DI) is a major contributor to low-value care in the emergency department (ED).3-5 Low-value DI 

is an important issue for pediatric patients, who are at increased risk of harm because of their 

increased susceptibility to ionizing radiation,6 and the harms related to unnecessary treatments 

associated with radiograph use.7, 8 Overuse of imaging in the ED accounts for 3 of the first 5 

American Academy of Pediatrics Choosing Wisely recommendations, and 6 of 10 Choosing 

Wisely recommendations among emergency physicians in Canada.9, 10  

Practice variation that cannot be explained by patient illness or preferences is labelled as 

unwarranted, and leads to variations in low-value care.11 Unwarranted practice variation exists in 

the emergency care of children, 11, 12 and differences in ED settings are important contributors to 

this phenomenon.4, 11-16 Specifically, EDs with pediatric designation provide higher-value care 

and are associated with improved outcomes for respiratory emergencies in children.3, 17-21 

Institutions with higher pediatric patient volumes are associated with better adherence to 

immunization guidelines in primary care and to resuscitation guidelines in the ED setting.22-24 

Practice variation in the emergency care of children is also attributed to physician characteristics, 

with pediatric emergency specialty training leading to higher-value care when compared to other 

physician specialties.17, 24-26 While some of the aforementioned studies focused on radiograph use 

in the ED,3, 18, 19, 21, 26, 27 few studies have looked across multiple diagnoses and/or ED settings to 

identify predictors of practice variation.17, 25, 28 Identifying setting and provider-specific 

characteristics contributing to low-value radiograph use will inform the development of quality 

improvement (QI) interventions, known to be effective in improving pediatric care,29-33  to 

decrease unnecessary radiographs.  

To address this, we aimed to evaluate variations in radiograph use for four common pediatric ED 

diagnoses for which radiographs are not generally recommended: bronchiolitis, asthma, 

abdominal pain and constipation. Together, these diagnoses represent 15-20% of all pediatric ED 

visits.34-37 Our objective was to compare x-ray utilization between (a) ED settings (hospital-type 

and pediatric volume), and (b) ED physician specialties.  
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Methods 

Study design 

This was a population-based study of all pediatric (0-18 years) unscheduled ED visits to any 

hospital in the province of Ontario, Canada, during the 2010 to 2019 calendar years.  

Population and data sources 

Data were obtained from linked population-based administrative health databases housed at 

ICES, formerly the Institute for Clinical Evaluative Sciences, an independent research institute 

whose legal status under Ontario’s health information privacy law allows it to collect and 

analyze health care demographic data, without patient consent, for health systems evaluation and 

improvement. ICES uses unique encoded identifiers to link an individual’s records across 

databases over time while preserving anonymity. Databases used included the National 

Ambulatory Care Reporting System (NACRS), the Ontario Health Insurance Plan database 

(OHIP), the Canadian Institute for Health Information’s Discharge Abstract Database (CIHI-

DAD), the Ontario Registered Persons Database (RPDB), the Citizenship and Immigration 

Canada Permanent Resident Database (CIC), the ICES Physician Database (IPDB), the Ontario 

Institutions Database (INST), the Ontario Asthma Dataset (ASTHMA), and the Postal Code 

Conversion File (PCCF). 

We selected all visits by children discharged from the ED with diagnoses for which radiographs 

are not routinely recommended [asthma (chest x-ray),18, 38 bronchiolitis (chest x-ray),39 abdominal 

pain (abdominal x-ray),40 constipation (abdominal x-ray)].41-43 We excluded patients who were 

admitted to hospital, transferred from or to another facility or died in the ED, to focus on a low-

risk population of patients. A privacy impact assessment and approval was obtained from ICES’ 

Privacy & Legal Office, and the study was deemed exempt from Research Ethics Board approval 

at SickKids, as analysis was conducted using administrative data for the purposes of health 

system evaluation.  
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Variables 

For each index ED visit, we collected patient demographics (age, sex, income quintile, 

immigration status, presence of a chronic complex condition44) and characteristics of the ED 

visit, including Canadian Triage Acuity Score [CTAS], (a validated triage score used to predict 

illness severity for pediatric patients),45-48 time, and day of presentation. We collected 

characteristics of the physician (sex, domestic vs foreign training, years in practice, specialty), 

and hospital characteristics (academic status, pediatric patient volumes). 

Exposures 

Hospital-type was defined using the hospital designation reported in the INST database, and 

separated as: a) Pediatric academic hospitals (n=4), b) Adult academic hospitals (n=18), and c) 

Community hospitals with and without consultant pediatricians (n= 52 and 107, respectively). 

Pediatric consultation availability was defined based on the frequency distribution of pediatric 

consultations at each hospital; those with fewer than two consultations per week in the ED were 

presumed not to have regular access to pediatric consultation services. We also defined ED 

setting by pediatric volumes, using the average annual hospital pediatric ED visit volumes over 

the study period, and dividing the volumes into tertiles (low, medium, high). 

The ED physician was identified through ED billing codes for services rendered during, or 

within 24 hours of, the index ED visit. Specialty training was identified for each physician as 

documented in the IPDB database. If more than one ED physician was associated with the index 

ED visit, the physician specialty most likely to be providing care within an ED setting was 

chosen, according to the following hierarchy: pediatric emergency medicine (PEM), emergency 

medicine (EM), family medicine with additional EM training, pediatrics, family medicine and 

other specialties. 

Outcomes 

Radiograph utilization was identified through emergency radiology billing codes used during, or 

within 24 hours of, the index ED visit. We assessed whether patients discharged without imaging 

had deleterious outcomes by examining the rates of ED return visits, hospital admission, 

intensive care unit (ICU) admission, or mortality within 7 days after the index visit.  
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Analyses 

We used logistic regression to evaluate the odds of radiographs for each condition by hospital 

characteristics (hospital-type and pediatric volumes) and by physician specialty. In our models, 

we adjusted for patient demographics (age, sex, household income quintile, immigration status, 

and presence of complex chronic conditions), ED visit characteristics (CTAS score, time/day of 

ED presentation), and physician characteristics (sex, domestic/foreign training, and years in 

practice).  

Since children are more likely to receive imaging when they have underlying health issues or 

with repeated ED visits, which may be indicative of diagnostic uncertainty, sensitivity analyses 

were conducted: a) excluding patients with complex chronic conditions, and b) excluding any 

return visits within 72 hours of an index ED visit. We also performed a sensitivity analysis 

excluding lowest-volume hospitals, which may have limited resources, to ensure that imaging 

availability did not affect our results. 

Comparisons in the rates of balancing measures between patients with and without imaging for 

each diagnosis were evaluated using standardized risk differences. Yearly radiograph utilization 

rates were calculated for each diagnosis to assess for trends. Analyses were completed using 

SAS version 9.4 (SAS Institute, Inc), and p-values less than 0.05 were considered statistically 

significant.  

Results  

During the study period, there were 9,862,787 eligible pediatric ED discharges in Ontario. Of 

these, 60,914 children were discharged with bronchiolitis, 141,921 with asthma, 333,332 with 

abdominal pain, and 110,514 with constipation. (Figure 1) The mean age (SD) was 8 years (6.1) 

and 335,019 (51.8 %) of participants were female. In this cohort, 12,883 (2.0%) patients had a 

complex chronic condition, 25,501 (3.9%) had immigrant/refugee status, and 101,573 (15.7%) 

lived in a rural setting. (Table 1)  

The overall rate of radiograph use in our cohort was high at 26.0%, and ranged from 18% for 

children discharged with abdominal pain, 27% for asthma, 37% for bronchiolitis, to 41% for 

constipation. 

Radiograph use by hospital-type 
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Patients discharged with bronchiolitis and asthma were more likely to have a chest radiograph 

when seen in non-pediatric EDs, compared to pediatric EDs (the referent), with highest use in 

adult academic EDs [adjusted odds ratio, aOR (95% CI), 5.1 (4.6-5.6) for bronchiolitis and 3.0 

(2.8-3.2) for asthma]. Similarly, children discharged with abdominal pain and constipation were 

more likely to have an abdominal radiograph when seen in non-pediatric EDs, with highest use at 

community EDs with pediatric support [aOR (95% CI), 1.6 (1.6-1.7) for abdominal pain and 2.3 

(2.3-2.4) for constipation]. (Figure 2) 

Radiograph use by pediatric volumes 

Radiograph use was least prevalent among EDs with low pediatric volumes across all discharge 

diagnoses. Among patients discharged with bronchiolitis and asthma, compared with EDs in the 

highest volume tertile (the referent), radiograph use was lowest in EDs with low pediatric 

volumes [aOR (95% CI), 0.66 (0.59-0.73) for bronchiolitis and 0.57 (0.53-0.60) for asthma]. For 

patients discharged with abdominal pain and constipation, radiograph use was also lowest among 

EDs with low pediatric volumes [aOR (95% CI), 0.49 (0.47-0.52) for abdominal pain and 0.39 

(0.37-0.42) for constipation]. (Figure 3) 

Radiograph use by physician specialty 

Children discharged with bronchiolitis were more likely to have a chest radiograph when seen by 

non-PEM physicians, compared to PEM physicians (the referent), with highest use by family 

physicians with EM training [aOR (95% CI), 4.8 (4.5-5.2)]. Patients discharged with asthma 

were more likely to have a chest radiograph when seen by non-PEM physicians, with highest use 

among EM specialists [aOR (95% CI), 2.8 (2.6-3.0)]. Similarly, patients with abdominal pain 

and constipation were more likely to have abdominal radiographs when seen by non-pediatric 

physicians, with highest use among family physicians with EM training [aOR (95% CI), 1.6 (1.6-

1.7) and 2.1 (2.0-2.2), respectively].  (Figure 4) 

Balancing measures 

There were no differences in return visits, hospital admission, ICU admission or death between 

patients who received imaging or not. (Table 2) 
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Sensitivity analyses 

Differences in radiograph use persisted when excluding patients with chronic complex 

conditions, return ED visits, and lowest pediatric volume hospitals. (Supplemental tables 1-3) 

Trends in radiograph use over time 

Overall radiograph use was high and stable during our study period (27.8% to 24.8%). 

Radiograph use decreased for bronchiolitis (43.3% to 35.0%), abdominal pain (19.9% to 16.9%), 

and constipation (44.4% to 39.5%), and increased for asthma (26.8% to 29.1%).  

Discussion 

We found that radiograph use was high among children discharged from Ontario EDs with four 

common pediatric conditions. We also found important differences in radiograph use across ED 

settings and physician specialties. Radiographs were consistently less likely to be used in 

pediatric academic centres and by PEM-trained physicians.  Hospital pediatric volume did not 

explain this finding. This study adds to a growing body of literature describing low-value care 

and its contributors by demonstrating variations in low-value radiograph use consistent across 

multiple pediatric conditions, and along the spectrum of ED settings and physician specialties 

managing pediatric ED patients.   

Our findings are consistent with reports of higher radiograph use among children diagnosed with 

bronchiolitis, asthma and croup presenting at non-pediatric EDs.17, 18, 20 Many differences exist 

between general EDs and pediatric EDs which may explain this finding. Continuing medical 

education and QI initiatives in EDs predominantly serving adult populations are likely focused 

on adult issues. These may result in knowledge gaps with regards to best pediatric practices, 

partly explaining the increased use of radiographs at these institutions.29, 30, 32, 49 

It is surprising that radiograph use was highest in hospitals with higher pediatric volumes. This 

finding differs from the large body of ‘volume-outcome’ literature suggesting that higher 

volumes lead to better adherence to guidelines and better outcomes, for both pediatric and adult 

patients.22, 23, 50-53 The discordance was possibly driven by the fact that most children in our 

sample presented to community hospitals. As a result, our high-volume tertile was composed 

mainly of community hospitals, predominantly oriented towards adult care, with only a minority 

of patients in that tertile seen in Ontario’s four pediatric academic hospitals. Another possible 
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explanation is that high volumes in our cohort may have been a surrogate for overcrowding, 

which leads to increased resource utilization and decreased effective care.54-57 These explanations 

limit our ability to interpret the impact of pediatric volume on radiograph use, but suggest that 

hospital-type, rather than pediatric volume, drove the differences in our study.  

Improved quality of care has been reported for children treated by pediatric specialists for 

primary, neonatal, surgical and oncological care.50, 52, 58 In the ED setting, findings have been 

more mixed; PEM physicians were more likely to order low-value tests for patients presenting 

with lower acuity in one study,26 but less likely to do so for febrile infants in other studies.17, 25 

We found fewer radiographs ordered by PEM physicians, suggesting that differences in training 

may affect radiograph use. This variation could be due to cognitive biases caused by higher 

acuity presentations, higher incidence of chronic disease, and higher admission rates in adult 

EM.59, 60 These suggest that adult ED patients are sicker and more likely to have clinically-

relevant findings on radiograph, which may create a bias among adult EM providers to order 

more radiographs for children as well. While general pediatricians consistently ordered fewer 

radiographs than adult specialists and generalists, they still ordered more chest radiograph than 

PEM physicians, suggesting that pediatric exposure in training does not explain all the practice 

variation reported. The addition of specific skills or exposure to ED-specific clinical practice 

guidelines in PEM training may also explain some of the variation.29, 30, 32 

Our study has limitations. First, our database did not include data on resource availability at 

different hospitals. Resource availability is an important driver of practice variation,11, 12 and is 

more likely to impact advanced imaging (e.g., ultrasound, computed tomography, or magnetic 

resonance imaging) than radiographs in the ED setting. This may have affected decision-making 

in our study: providers working in centres without access to abdominal ultrasound, for example, 

may be more likely to order abdominal radiographs. However, our findings were robust to 

sensitivity analyses excluding low-volume hospitals, where such resource constraints are more 

likely. Second, our exposure definition for physician specialty may have measurement bias. 

Multiple physicians of different specialties could have been involved in the care of a child in a 

single visit. In our database, it was not possible to differentiate which physician was the initial 

provider for a given encounter. Given that most investigations are ordered on initial contact, 

radiograph use may have been attributed to a physician who was not involved in the decision-
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making process. However, our hierarchical approach attributing radiographs preferentially to 

PEM-trained physicians would have biased our results towards the null hypothesis. 

No studies have specifically evaluated the underlying causes of these differences in low-value 

radiograph use. Our findings suggest that ED setting and physician specialty training warrant 

further exploration, perhaps through qualitative studies, to inform future interventions. 

Conclusion 

Our study suggests that radiograph use is high in children visiting the ED. Significant practice 

variation exists and is driven predominantly by hospital-type and physician specialties. QI 

initiatives aimed at reducing unnecessary radiographs in children should focus on EM physicians 

practicing in EDs primarily treating adult patients. 
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Figure captions 

Figure 1. Unscheduled pediatric emergency department discharges at Ontario hospitals 

between 2010 and 2019 

 

Figure 2. Pediatric radiograph use by hospital-type at Ontario emergency departments 
between 2010-20191 
1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex 

chronic conditions, Canadian Triage Acuity Score, time of presentation, physician sex, physician 

years in practice, and physician training background (domestic vs international) 

 

Figure 3. Pediatric radiograph use by pediatric volumes at Ontario emergency 

departments between 2010-20191 

1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex 

chronic conditions, Canadian Triage Acuity Score, time of presentation, physician sex, physician 

years in practice, and physician training background (domestic vs international) 

 

Figure 4. Pediatric radiograph use by physician specialty at Ontario emergency 

departments between 2010-20191 
1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex 

chronic conditions, Canadian Triage Acuity Score, time of presentation, physician sex, physician 

years in practice, and physician training background (domestic vs international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, 

anesthesiology, orthopedic surgery, cardiology, nuclear medicine, otolaryngology, neonatal 

medicine, general surgery, and 44 others.
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Table captions 

Table 1. Characteristics of unscheduled pediatric emergency department discharges in Ontario 

hospitals between 2010-2019 
1 Other physician specialties included critical care medicine, psychiatry, internal medicine, 

anesthesiology, orthopedic surgery, cardiology, nuclear medicine, otolaryngology, neonatal medicine, 

general surgery, and 44 others. 
2 Missing data was limited to the following variables: neighborhood income quintile [n = 2,413 (0.4%)], 

rurality [n = 831 (0.1%)], CTAS score [n = 1,054 (0.3%)], physician specialty [n = 15,078 (2.3%)], 

physician sex [n = 15,078 (2.3%)], and physician years in practice [n = 15,092 (2.3%)], and physician 

domestic vs international training [n = 77,154 (11.9%)]. 

 

Table 2. Outcomes following pediatric emergency department discharges for Ontario hospitals 

between 2010-20191 

1Results for death within seven days were not reported due to small cell numbers (n=1-5) in order to 

ensure data confidentiality. 

 

Supplemental Table 1. Pediatric radiograph use by hospital-type, pediatric volume, and 

physician specialty at Ontario emergency departments between 2010-2019, excluding patients 

with chronic complex conditions1 

1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex chronic 

conditions, Canadian Triage Acuity Score, time of presentation, physician sex, physician years in 

practice, and physician training background (domestic vs international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, 

anesthesiology, orthopedic surgery, cardiology, nuclear medicine, otolaryngology, neonatal medicine, 

general surgery, and 44 others.  

 

Supplemental Table 2. Pediatric radiograph use by hospital-type, pediatric volume, and 

physician specialty at Ontario emergency departments between 2010-2019, excluding return 

visits within 72h1 
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1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex chronic 

conditions, Canadian Triage Acuity Score, time of presentation, physician sex, physician years in 

practice, and physician training background (domestic vs international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, 

anesthesiology, orthopedic surgery, cardiology, nuclear medicine, otolaryngology, neonatal medicine, 

general surgery, and 44 others. 

 

Supplemental Table 3. Pediatric radiograph use by hospital-type, pediatric volume, and 

physician specialty at Ontario emergency departments between 2010-2019, excluding low 

pediatric volume hospitals1 

1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex chronic 

conditions, Canadian Triage Acuity Score, time of presentation, physician sex, physician years in 

practice, and physician training background (domestic vs international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, 

anesthesiology, orthopedic surgery, cardiology, nuclear medicine, otolaryngology, neonatal medicine, 

general surgery, and 44 others. 
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Figure 1. Unscheduled pediatric emergency department discharges at Ontario hospitals between 2010 and 
2019 
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Table 1. Characteristics of unscheduled pediatric emergency department discharges in Ontario hospitals between 2010-2019 

 Bronchiolitis 

N = 60,914 

Asthma 

N = 141,921 

Abdominal pain 

N = 333,332 

Constipation 

N = 110,514 

Clinical characteristics 

Age (years), mean ± SD 0.7 ± 1.6 7.4 ± 5.2 11.1 ± 5.1 6.4 ± 5.2 

Sex, n (%) Female 23,305 (38.3%) 53,999 (38.0%) 199,573 (59.9%) 58,142 (52.6%) 

Neighbourhood income quintile2, n (%) 1 (low) 15,170 (24.9%) 34,622 (24.4%) 69,313 (20.8%) 26,020 (23.5%) 

2 11,801 (19.4%) 28,750 (20.3%) 63,696 (19.1%) 21,958 (19.9%) 

3 12,235 (20.1%) 28,054 (19.8%) 66,582 (20.0%) 22,265 (20.1%) 

4 12,428 (20.4%) 26,840 (18.9%) 69,760 (20.9%) 22,176 (20.1%) 

5 (high) 8,993 (14.8%) 23,043 (16.2%) 62,896 (18.9%) 17,666 (16.0%) 

Rurality2, n (%) Rural 8,813 (14.5%) 25,746 (18.1%) 48,779 (14.6%) 18,235 (16.5%) 

Immigrant or refugee status, n (%) 226 (0.4%) 2,938 (2.1%) 18,887 (5.7%) 3,450 (3.1%) 

 Chronic Complex Condition, n (%) 1,544 (2.5%) 1,978 (1.4%) 6,837 (2.1%) 2,524 (2.3%) 

Canadian Triage Acuity Score (CTAS)2, n (%) 1 711 (1.2%) 2,119 (1.5%) 192 (0.1%) 71 (0.1%) 

  2 21,678 (35.6%) 44,856 (31.6%) 42,427 (12.7%) 10,035 (9.1%) 

  3 30,865 (50.7%) 66,914 (47.1%) 224,568 (67.4%) 62,584 (56.6%) 

  4 7,096 (11.6%) 25,407 (17.9%) 60,726 (18.2%) 33,745 (30.5%) 

  5 480 (0.8%) 2,358 (1.7%) 4,921 (1.5%) 3,884 (3.5%) 
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 Time of ED presentation, n (%) Mon-Fri: 08:01 to 16:00 17,995 (29.5%) 36,232 (25.5%) 102,679 (30.8%) 33,634 (30.4%) 

 

Mon-Fri: 16:01 to 24:00 OR  

Sat/Sun: 08:01 to 16:00 

 

25,479 (41.8%) 

 

56,697 (39.9%) 

 

 

135,920 (40.8%) 

 

46,643 (42.2%) 

 

 

Mon-Fri: 00:01 to 08:00 OR  

Sat/Sun: 16:01 to 08:00 

15,052 (24,7%) 

 

44,476 (31.3%) 

 

87,294 (26.2%) 

 

27,166 (24.6%) 

 

  Holidays 2,388 (3.9%) 4,516 (3.2%) 7,439 (2.2%) 3,071 (2.%) 

ED length of visit, n (%) < 2 hours 18,030 (29.6%) 49,204 (34.7%) 82,021 (24.6%) 37,380 (33.8%) 

  2-4 hours 26,800 (44.0%) 57,395 (40.4%) 132,409 (24.6%) 47,664 (43.1%) 

  4-6 hours 11,125 (18.3%) 23,786 (16.8%) 74,247 (22.3%) 17,909 (16.2%) 

  ≥ 6 hours 4,890 (8.0%) 11,247 (7.9%) 43,785 (13.1%) 7,278 (6.6%) 

Physician characteristics 

Physician specialty2, n (%) PEM 9,895 (16.2%) 16,837 (11.9%) 25,017 (7.5%) 13,487 (12.2%) 

  EM 3,267 (5.4%) 7,568 (5.3%) 25,995 (7.8%) 6,376 (5.8%) 

  FP + EM 21,224 (34.8%) 52,564 (37.0%) 149,865 (45.0%) 36,239 (32.8%) 

  Pediatrics 8,810 (14.5%) 13,075 (9.2%) 21,077 (6.3%) 14,251 (12.9%) 

  GP/FP 14,809 (24.3%) 45,503 (32.1%) 97,388 (29.2%) 34,289 (31.0%) 

  Other1 1,280 (2.1%) 2,197 (1.5%) 7,554 (2.3%) 3,036 (2.7%) 

 Sex2, n (%) Female 19,635 (32.2%) 38,876 (27.4%) 90,286 (27.1%) 34,580 (31.3%) 

Age, Mean ± SD 44.3 ± 9.0 44.7 ± 9.5 43.9 ± 9.2 44.5 ± 9.4 

Years in practice2, Mean ± SD 15.9 ± 10.2 16.7 ± 10.7 15.7 ± 10.3 16.1 ± 10.5 
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International Medical Graduate2, n (%) 8,914 (14.6%) 17,914 (12.6%) 41,335 (29.8%) 35,166 (31.8%) 

Hospital Characteristics 

Hospital type, n (%) Pediatric academic hospitals  19,612 (32.2%) 31,430 (22.1%) 54,017 (16.2%) 32,592 (29.5%) 

  Academic hospitals 1,927 (3.2%) 5,368 (3.8%) 20,147 (6.0%) 4,454 (4.0%) 

  

Community/small hospitals with pediatric 

consultation 

27,806 (45.6%) 65,212 (45.9%) 183,374 (55.0%) 46,131 (41.7%) 

  All other community/small hospitals 11,569 (19.0%) 39,911 (28.1%) 75,794 (22.7%) 27,337 (24.7%) 

 ED volume, n (%) Low 2,056 (3.4%) 9,777 (6.9%) 20,357 (6.1%) 6,070 (5.5%) 

 Medium 8,391 (13.8%) 26,355 (18.6%) 55,458 (16.6%) 19,061 (17.2%) 

 High 50,467 (82.8%) 105,789 (74.5%) 257,517 (77.3%) 85,383 (77.3%) 
1 Other physician specialties included critical care medicine, psychiatry, internal medicine, anesthesiology, orthopedic surgery, cardiology, 

nuclear medicine, otolaryngology, neonatal medicine, general surgery, and 44 others. 
2 Missing data was limited to the following variables: neighborhood income quintile [n = 2,413 (0.4%)], rurality [n = 831 (0.1%)], CTAS 

score [n = 1,054 (0.3%)], physician specialty [n = 15,078 (2.3%)], physician sex [n = 15,078 (2.3%)], and physician years in practice [n = 

15,092 (2.3%)], and physician domestic vs international training [n = 77,154 (11.9%)]. 
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Figure 2. Pediatric radiograph use by hospital-type at Ontario emergency departments between 2010-2019 
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Figure 3. Pediatric radiograph use by pediatric volumes at Ontario emergency departments between 2010-
2019 

846x564mm (72 x 72 DPI) 
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Figure 4. Pediatric radiograph use by physician specialty at Ontario emergency departments between 2010-
2019 

846x564mm (72 x 72 DPI) 
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Table 2. Outcomes following pediatric emergency department discharges for Ontario hospitals between 2010-20191 

 Bronchiolitis Asthma Abdominal pain Constipation 

 Imaging 

N= 22,798 

No imaging 

N= 38,116 

Risk 

difference 

(95% CI) 

Imaging 

N= 38,149 

No imaging 

N= 103,772 

Risk 

difference 

(95% CI) 

Imaging 

N= 61,201 

No imaging 

N= 272,131 

Risk 

difference 

(95% CI) 

Imaging 

N= 45,680 

No imaging 

N= 64,834 

Risk 

difference 

(95% CI) 

Return ED 

visits within 7 

days,  

n (%) 

2,958 (13.0) 5,744 (15.1) -0.02  

(-0.03 –  

-0.02) 

2,739 (7.2) 7,556 (7.3) -0.001  

(-0.004 – 

0.002) 

10,896 (17.8) 45,689 (16.8) 0.01  

(0.007 – 

0.01) 

4,757 (10.4) 5,492 (8.5) 0.02  

(0.02 – 0.02) 

 

Hospital 

admission 

within 7 days,  

n (%) 

1,098 (4.8) 1,928 (5.1) -0.003 

(-0.006 – 

0.001) 

626 (1.6) 1,108 (1.1) 0.006 

(0.004 –  

0.007) 

1,418 (2.3) 5,258 (1.9) 0.004 (0.003 

– 0.005) 

728 (1.6) 635 (1.0) 0.006 (0.005 

– 0.008) 

ICU admission 

within 7 days,  

n (%) 

57 (0.3) 100 (0.3) -0.0001  

(-0.001 – 

0.0007) 

33 (0.1) 86 (0.1) 0.00004  

(-0.0003 – 

0.0003) 

31 (0.1) 95 (0.0) 0.0002 (-

0.00003 – 

0.00035) 

31 (0.1) 26 (0.0) 0.0003 (-

0.00001 – 

0.0006) 

 1Results for death within seven days were not reported due to small cell numbers (n=1-5) in order to ensure data confidentiality
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Confidential

Supplemental Table 1. Pediatric low-value radiograph use by hospital-type, pediatric volume, and physician specialty at 

Ontario emergency departments between 2010-2019, excluding patients with chronic complex conditions1 

 Bronchiolitis 
OR (95% CI) 

Asthma 
OR (95% CI) 

Abdominal pain 
OR (95% CI) 

Constipation 
OR (95% CI) 

Number of observations N = 57,467 N = 135,044 N = 318,841 N = 104,695 
Hospital-type 

Pediatric academic (referent) 1 1 1 1 
Adult academic 5.2 (4.7-5.7) 3.0 (2.8-3.2) 1.3 (1.2-1.3) 1.6 (1.5-1.7) 
Community hospital with pediatrics 4.9 (4.7-5.2) 2.6 (2.5-3.7) 1.6 (1.6-1.7) 2.4 (2.3-2.4) 
Community hospital without pediatrics 2.9 (2.8-3.1) 1.7 (1.6-1.7) 1.4 (1.3-1.4) 1.4 (1.3-1.4) 

Pediatric volumes 
High (referent) 1 1 1 1 
Medium 0.9 (0.8-0.9) 0.9 (0.9-0.9) 1.0 (0.9-1.0) 0.9 (0.8-0.9) 
Low 0.7 (0.6-0.7) 0.6 (0.5-0.6) 0.5 (0.5-0.5) 0.4 (0.4-0.4) 

Physician specialty 
Pediatric emergency medicine (referent) 1 1 1 1 
Emergency medicine 3.3 (3.0-3.7) 2.8 (2.6-3.0) 1.2 (1.2-1.3) 1.7 (1.6-1.8) 
Family medicine + emergency medicine 4.9 (4.6-5.2) 2.8 (2.6-2.9) 1.6 (1.6-1.7) 2.1 (2.0-2.2) 
Pediatrics 1.7 (1.6-1.9) 1.7 (1.6-1.8) 1.0 (0.9-1.0) 1.0 (1.0-1.1) 
Family medicine / general practice 3.5 (3.3-3.7) 2.2 (2.1-2.3) 1.3 (1.3-1.4) 1.5 (1.4-1.6) 
Others2 9.2 (8.1-10.5) 9.0 (8.1-10.0) 2.3 (2.2-2.5) 3.5 (3.3-3.9) 

1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex chronic conditions, Canadian Triage 
Acuity Score, time of presentation, physician sex, physician years in practice, and physician training background (domestic vs 
international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, anesthesiology, orthopedic surgery, 
cardiology, nuclear medicine, otolaryngology, neonatal medicine, general surgery, and 44 others. 
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Supplemental Table 2. Pediatric low-value radiograph use by hospital-type, pediatric volume, and physician specialty at 

Ontario emergency departments between 2010-2019, excluding return visits within 72h1 

 Bronchiolitis 
OR (95% CI) 

Asthma 
OR (95% CI) 

Abdominal pain 
OR (95% CI) 

Constipation 
OR (95% CI) 

Number of observations N = 57,467 N = 131,479 N = 295,966 N = 99,980 
Hospital-type 

Pediatric academic (referent) 1 1 1 1 
Adult academic 5.2 (4.7-5.8) 3.1 (2.9-3.3) 1.3 (1.2-1.4) 1.6 (1.5-1.8) 
Community hospital with pediatrics 5.1 (4.8-5.3) 2.7 (2.6-2.8) 1.8 (1.7-1.8) 2.5 (2.4-2.5) 
Community hospital without pediatrics 2.9 (2.8-3.1) 1.7 (1.6-1.7) 1.4 (1.4-1.5) 1.4 (1.3-1.4) 

Pediatric volumes 
High (referent) 1 1 1 1 
Medium 0.86 (0.81-0.91) 0.88 (0.85-0.91) 0.96 (0.94-0.99) 0.84 (0.81-0.87) 
Low 0.65 (0.58-0.73) 0.56 (0.52-0.59) 0.48 (0.46-0.51) 0.38 (0.35-0.41) 

Physician specialty 
Pediatric emergency medicine (referent) 1 1 1 1 
Emergency medicine 3.4 (3.1-3.7) 2.9 (2.7-3.1) 1.3 (1.2-1.4) 1.8 (1.7-1.9) 
Family medicine + emergency medicine 5.0 (4.6-5.3) 2.8 (2.7-3.0) 1.8 (1.7-1.8) 2.2 (2.1-2.3) 
Pediatrics 1.8 (1.6-1.9) 1.7 (1.6-1.9) 1.0 (0.9-1.0) 1.1 (1.0-1.1) 
Family medicine / general practice 3.6 (3.3-3.8) 2.2 (2.1-2.4) 1.4 (1.4-1.5) 1.5 (1.5-1.6) 
Others2 9.0 (7.9-10.3) 9.3 (8.4-10.2) 2.7 (2.5-2.8) 3.8 (3.5-4.2) 

1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex chronic conditions, Canadian Triage 
Acuity Score, time of presentation, physician sex, physician years in practice, and physician training background (domestic vs 
international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, anesthesiology, orthopedic surgery, 
cardiology, nuclear medicine, otolaryngology, neonatal medicine, general surgery, and 44 others. 
  

Page 31 of 31

For Peer Review Only

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

Supplemental Table 3. Pediatric low-value radiograph use by hospital-type, pediatric volume, and physician specialty at 

Ontario emergency departments between 2010-2019, excluding low pediatric volume hospitals1 

 Bronchiolitis 
OR (95% CI) 

Asthma 
OR (95% CI) 

Abdominal pain 
OR (95% CI) 

Constipation 
OR (95% CI) 

Number of observations N = 57,098 N = 128,199 N = 306,873 N = 101,791 
Hospital-type 

Pediatric academic (referent) 1 1 1 1 
Adult academic 5.4 (4.8-5.9) 3.0 (2.8-3.2) 1.5 (1.4-1.6) 1.9 (1.7-2.0) 
Community hospital with pediatrics 4.8 (4.6-5.1) 2.6 (2.5-2.7) 1.6 (1.6-1.7) 2.3 (2.3-2.4) 
Community hospital without pediatrics 3.0 (2.9-3.2) 1.8 (1.7-1.9) 1.5 (1.4-1.5) 1.6 (1.5-1.6) 

Pediatric volumes 
High (referent) 1 1 1 1 
Medium 0.88 (0.84-0.93) 0.88 (0.85-0.91) 0.96 (0.94-0.99) 0.85 (0.82-0.88) 

Physician specialty 
Pediatric emergency medicine (referent) 1 1 1 1 
Emergency medicine 3.3 (3.0-3.7) 2.8 (2.6-3.0) 1.3 (1.3-1.4) 1.8 (1.7-2.0) 
Family medicine + emergency medicine 5.0 (4.6-5.2) 2.7 (2.6-2.9) 1.6 (1.6-1.7) 2.2 (2.1-2.3) 
Pediatrics 1.7 (1.6-1.9) 1.7 (1.6-1.8) 1.0 (0.9-1.0) 1.0 (1.0-1.1) 
Family medicine / general practice 3.6 (3.4-3.9) 2.3 (2.2-2.5) 1.4 (1.3-1.5) 1.6 (1.6-1.7) 
Others2 9.1 (8.0-10.3) 9.0 (8.1-10.0) 2.4 (2.2-2.5) 3.6 (3.3-4.0) 

1All models adjusted for patient age, sex, income quintile, immigrant/refugee status, complex chronic conditions, Canadian Triage 
Acuity Score, time of presentation, physician sex, physician years in practice, and physician training background (domestic vs 
international) 
2 Other physician specialties included critical care medicine, psychiatry, internal medicine, anesthesiology, orthopedic surgery, 
cardiology, nuclear medicine, otolaryngology, neonatal medicine, general surgery, and 44 others. 
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